The RP-TLC method was used to determine the dissociation constant of chrysin (5,7-dihydroxyflavone) in methanol-aqueous (1:1 v/v) solutions. In this method the pK value was quantified on the basis of retention data and a retention model. The accuracy of determining the model parameters was analysed using the following statistical criteria: the sum of the squared differences between the experimental and theoretical data, approximation of standard deviation, and the Fisher test. Besides, in this work the potentiometric method was used. Investigations were carried out at ionic strength I=0.1 at T= 298 K. The dissociation constant were determined using the Rossotti method as well as the numerical method based on the procedures of non-linear curve fitting using Microsoft Excel Solver and the user-defined function. It has been found that the differences in the evaluated pK values were relatively small and did not exceed 1.2%.
INTRODUCTION
Flavonoids are natural products widely distributed in the vegetable kingdom and currently consumed in large amounts in the daily diet 1, 2 . Different compounds of the flavonoid class have been distinguished by the number and the position of functional groups, mainly hydroxyls, introduced on the phenyl rings. A multitude of substitution patterns in the two-benzene rings (A and B, Fig.1 ) of basic structure occurs in nature. Variations in their heterocyclic rings give rise to flavonol, flavones, catechins, flavanones, anthocyanidins and isoflavones. Over 4 000 different, naturally occurring flavonoids have been described and the list is still growing. These natural products are interesting as pharmacological agents since they stimulate or inhibit a wide variety of enzyme systems and are potential antibacterial, anticancer and antialergic agents 3 -5 . Many of those are biologically active, particularly those able to form quinone group and coordinate metal ions in solutions.
Chrysin (5,7-dihydroxyflavon) is one of the less known flavonoid, and like other flavonoids, is insoluble in water. The solid complexes of several metal ions: Co(II), Ni(II), Cu(II), Cd(II), Pb(II) and Fe(III) with chrysin were separated 6, 7 . Determination of the dissociation constants (pK) of this compound can lead to better understanding of metal-complexing properties of this molecule in the water-methanol solution and allow better separation of this compound from their biological media. The most common methods of pK determination include potentiometry or, if the compounds possess a suitable chromophore, then the spectroscopic methods can be applied.
With water-insoluble compounds, the mixed solvent approach can be exploited. Methanol should be used in the first Figure 1 . Representation and atomic numbering adopted for chrysin place because there is a lot of information available concerning its effect on the pK value 8 -12 . In this article, the TLC reversed-phase chromatography and potentiometric titration method were used to determine the dissociation constant for chrysin in the water-methanol solution.
EXPERIMENTAL

Reagents
Fig . 1 shows the structure and the chemical numbering system of 5,7-dihydroxyflavone. The compound purchased from Sigma was purified by repeated crystallization from ethanol-water. The purity control was performed determining its melting point 13 (mp = 285°C) and its TLC chromatographic properties
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. Sodium hydroxide, perchloric acid, methanol of spectroscopic grade from Fluka, were used without further purification. A CPI-551 digital pH-ionmeter with a combined SAgP-209 W electrode were used in experiments.
The TLC solvents (methanol and water) were chromatographic grade from Merck (Darmstadt, Germany).
Procedures
Thin-layer chromatography Thin-layer chromatography was performed on the 10×3 cm RP-18 aluminium sheets (RP-18 F 254 HPTLC plates Merck, Darmstadt, Germany) in classical glass chambers. The plates were conditioned for 15 min in eluent vapours to eliminate the demixing effect. The samples (2 μl) of 0,08 mg/cm 3 solutions of chrysin in the analyzed mobile phase were spotted to the adsorbent layer. The chromatographic measurements were conducted at constant (20 ± 1 o C) temperature. As eluents the methanol -phosphate buffer 1:1 (V/V) solutions within the pH range 2.0 -9.5 were used. The locations of the spots was determined under UV light (λ = 254 nm). In all the cases the spots were symmetric and did not exhibit tailing. The retardation factors were calculated as the average of three measurements.
Potentiometric method
The value of the first dissociation constant of chrysin (pK) was determined by the potentiometric titration method. For this purpose, the water-methanol solutions (%vol. 1:1) of chrysin containing sodium perchlorate were titrated with 0.01 mol/dm 3 sodium hydroxide solution. Potentiometric investigations of the dissociation constant were carried out at chrysin concentrations: 3.2·10 
RESULTS AND DISCUSSION
RP-TLC
In this work for the mathematical description of the retardation factor as a function of pH of the mobile phase (R f =f(pH) experimental data) the retention model suggested in 15 as generally valid for ionizable compounds, has been applied: (1) where: k is retention factor, p i are experimental model parameters,
The aim of this work was to analyse the applicability of the presented above model for the determination of the pK value on the basis of RP-TLC experiments. Therefore, the model, eq.(1), was transformed according to the following relationship: (2) where R f is retardation factor The equation constants (p i and pK) were estimated by a minimization of a sum of the squared differences between the experimental and theoretical data using the Marquardt method 16 . The accuracy of the determination of the model parameters, p i , was assessed for the 95% confidence interval of Student's test. The following statistical criteria were used to assess the accuracy of the proposed model in different HPLC systems:
The sum of the squared differences between the experimental and the theoretical retention data:
Approximation of the standard deviation:
The Fisher test: (5) where: i = 1…N, N is number of experimental points, l is number of the estimated model parameters. Table 1 specifies the values of the estimated model parameters (eq. (1)) and the values of statistical criteria used for the comparison between the model (eq. (1)) and the experimental data. In Fig. 2 the graphical comparison of the experimental and simulated R f = f(pH) data has been presented.
On the basis of the comparison between the simulated and the experimental data presented in Table 1 and in Fig. 2 it can be concluded that the model proposed in this study (eq. (1)) provides an excellent agreement between the experimental and the theoretical data. The related values of SUM and SD are very low and the value of the Fisher test is relatively high (see Table 1 ). 
Potentiometric method
The mean number of protons connected with the appropriate base was calculated for each experimentally determined pH value from the formula 17 : (6) where: [H + ] is equilibrium concentration of hydrogen ions, K w is ionic product of water (K w = 2.29 . 10 -14 for I = 0.1 (NaClO 4 ) and T=298 K), c L is total anion concentration of weak acid ions, and H t is total concentration of the protons capable of dissociation.
The H t and c L values were calculated from the analytical composition of the titrated solutions:
where: c 0 Z and c 0 L are initial concentrations of titrant and chrysin respectively, V L is initial volume of chrysin solution, V Z is volume of titrant, and j is number of protons capable of dissociation.
Based on the results obtained, the chrysin formation curve was plotted (Fig. 3) and it was found that the plot course within the pH range 5.5 -9.0 does not depend on the concentration of the compound under examination, which means that only the ligand dissociation takes place in the solution and no other side reactions take place.
The value of the dissociation constant of the chrysin (pK) was determined by the least square method from a set of and pH values. The results are listed in Table 2 . ( ) mol/ dm 3 ; T = 298 K, I = 0.1 Table 2 . Dissociations constants pK of chrysin (I=0.1 (NaClO 4 ), T=298 K)
In this paper, a simple nonlinear fitting method using Excel Solver (version 7.0) and user-defined functions was applied to evaluate the protonation constant (ß L ) of chrysin
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. The following equation can be derived for potentiometric titration of chrysin (L): (9) in which:
The ß L parameter must be found as the solution of the best fit using a nonlinear curve fitting procedure with a minimization of the sum of square of residual (SSR) ( ).
Equation (9) ; tolerance -0.001%; use automatic scaling; estimate -quadratic; derivatives -forward; search -Newton. The result of the estimation for the 4·10 -4 mol/dm 3 solution of chrysin is shown on Fig.4 . Table 2 shows the comparison of chrysin dissociation constant values determined by the above described methods. It can be seen that the differences in the evaluated pK values are relatively small and do not exceed 1.2%. Thus the proposed RP-TLC method can be used to determine the pK values with accuracy comparable to classical analytical methods.
SUMMARY
-In this work the values of the first dissociation constant of chrysin were determined with the use of potentiometric and chromatographic methods. The second constant was not determined because, in these conditions (alkaline medium), chrysin is unstable.
-The methodology proposed in this work based on the RP-TLC measurements gives comparable results with the potentiometric method of pK evaluation in the case of chrysin as a test compound. The differences in the evaluated pK values are relatively small and not exceed 1.2%.
-The RP-TLC retention of different compounds in many cases depends strongly on the mobile phase pH and on the pK of the analyte in the mobile phase. For the determination of such physicochemical properties of different analytes the column chromatography (RP-HPLC) is mainly applied. The results of the investigations presented here show, that the RP-TLC method may be important and very usable in the prediction of the dissociation constant for different test analytes and for the optimization of chromatographic separations.
-In order to better scrutinize the method proposed in this paper, one needs to perform an additional experimental study with different compounds.
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